
Student Name:

Maths class:

James Ruse Agricultural High School

2023 Task 2

Mathematics Extension 1
General
Instructions

• Reading time – 5 minutes

• Working time – 1 hour and 30 minutes

• Write using black pen

• NESA approved calculators & templates
may be used

• A reference sheet is provided

• In Question 6 – 12, show all relevant math-
ematical reasoning and/or calculations.

• Marks may not be awarded for careless or
badly arranged working.

Total Marks:
54

Section I – 5 marks

• Attempt Questions 1–5
• Answer on the Multiple Choice answer

sheet provided.
• Allow about 10 minutes for this section

Section II –49 marks

• Attempt Questions 6–12
• Answer on lined paper provided. Start a

new page for each new question.
• Allow about 1 hour 20 minutes for this sec-

tion.

The answers to all questions are to be returned in separate stapled bundles clearly labelled
Question 6, Question 7, etc. Each question must show your Candidate Number.



Section I

5 marks
Attempt Questions 1 to 5
Allow approximately 15 minutes for this section

Answer on the Multiple Choice sheet provided.

1. Which differential equation best describes the slope field shown? 1

(A)
dy
dx

= x2 − y2

(B)
dy
dx

=
x+ y
x− y

(C)
dy
dx

=
1

x2 − y2

(D)
dy
dx

=
x− y
x+ y



2. What is the value of tanα , when the expression 2sinx−cosx is written in the form
√

5sin(x−α)?
1

(A) -2 (B)
−1
2

(C)
1
2

(D) 2

3. Out of a group of 10, 5 are to be selected for the final round of a competition. Three of those 5
will finish in 1st, 2nd and 3rd place. In how many ways can this be done? 1

(A)
10!
5!3!

(B)
10!
5!

(C)
10!
5!2!

(D)
10!
3!3!

4. Consider
∫ 1

2x
dx, Which of the following is/are true?

a. 2 ln |x|+ c

b.
1
2

ln |x|+ c

c. 2 ln
x
2
+ c

d.
1
2

ln |2x|+ c 1

(A) b, c only

(B) d, c only

(C) b, d only

(D) a, c only

5. Which of the following is NOT a first order linear differential equation? 1

(A) x
dy
dx

+ y
√

x2 +1 = sinx

(B)
dy
dx

=−exy

(C)
1
y

dy
dx

−4 =
cotx

y

(D)
dy
dx

− x2

y
= lnx

End of Section I



Section II

49 marks
Attempt Questions 7 to 10
Allow approximately 1 hour for this section.

Write your answers on the paper supplied.
Your responses should include relevant mathematical reasoning and/or calculations.

Question 6 (7 Marks)

(a) Using the substitution u =
√

x, Evaluate
∫ 9

1

dx
x+

√
x

2

(b) The curves y = cos2 2x and y = sin2 x are shown below for 0 ≤ x ≤ π

2 .

i. Find the x-coordinate of the point A. 2

ii. Hence, find the area bounded by the two curves, the y-axis and the line x = π

2 3

End of Question 6



Question 7 (7 Marks)

(a) i. Given that x =−2 is a root of x3 +12x2 +44x+48 = 0, find the other two roots. 2

ii. Hence, solve the following equation, giving your answers to the nearest degree

secθ(sec2
θ +44)+12(tan2

θ +5) = 0, 0◦ ≤ θ ≤ 180◦

3

(b) The displacement function x travelled by a particle on a straight line in time t is given by

x = 100e−0.1t

i. Derive the velocity ẋ function in terms of t. 1

ii. Describe the motion of the particle. 1

End of Question 7

Question 8 (7 Marks)

(a) i. Show that 6cosθ −8sinθ can be written in the form Rcos(θ +α), where R > 0 and α is
an acute angle measured in radians. 2

ii. Hence solve the equation 3cosθ −4sinθ −2 = 0 for 0 ≤ θ ≤ 2π , giving your answers to
three significant figures. 2

(b) Prove by mathematical induction that 2n+2 +33n is divisible by 5 for n ∈ Z, n ≥ 1 3

End of Question 8

Question 9 (7 Marks)

(a) Find the number of ways three letters from the word QUARRY can be arranged if all three letters
are to be distinct. 2

(b) Given f (x) = 2cos−1 x√
2
− sin−1(1− x2), −

√
2 ≤ x ≤

√
2

i. Find f
′
(x). 3

ii. Sketch f (x). 2

End of Question 9



Question 10 (7 Marks)

(a) Nine shirts for a baseball team are numbered from 1 to 9. Five players are allowed to take one
shirt each. Find the number of ways this can be done is

i. There are no restrictions. 1

ii. The first three players all decide to choose an even numbered shirt. 2

(b) The diagram below shows the region bound by y = 1− x and y = (x−1)n for even n ≤ 2.

i. The region is rotated about the x-axis to form a solid. Show that the volume of the solid
formed is Vn = π[1

3 −
1

(2n+1) ]. 2

ii. Find the limit of Vn as n → ∞, and describe the physical significance of this result. 2

End of Question 10



Question 11 (7 Marks)

(a) Find
∫ sin2x√

1− sin2 x
dx. 3

(b) Prove by mathematical induction that for n positive integer,

1+2
(

1
2

)
+3

(
1
2

)2

+4
(

1
2

)3

++n
(

1
2

)n−1

= 4− (n+2)
2n−1

4

End of Question 11

Question 12 (7 Marks)

(a) Given that sin2 2θ(cot2 θ − tan2 θ) = 4cos2θ .

Solve the equation: sin2 2θ(cot2 θ − tan2
θ) = 2 for 0◦ ≤ θ ≤ 360◦

2

(b) The curve y =− ln(x+1), the y-axis and the line y = 1 enclose a region.

i. Sketch this region, clearly showing intercepts with the axes and asymptotes. 2

ii. This region is rotated around the y-axis to form a solid of revolution. Find the volume of
this solid. 3

End of Question 12

End of paper.



MC Answers
1C 2C 3C 4C 5D
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as 8

Ci 40sec 8 sin 2B A Cosa 2A B sink

4 23 A
8 2A B

Solving simultaneously

A F B I One for each

ii f 40sec 8sina doc
Sosa sink

2sinx osx t 20s sin doc Using part i
Jose sink

In 2cosa sinsel t x t C Final answer













Question 10 

a)  

i. 𝑃5 = 151209         1 mark for answer 

 

ii. 𝑃3
4 × 𝑃2

6 = 720     1 mark for logical explanation 

 

1 mark for final answer 

 

b)   

i.   

𝑉𝑛 = 𝜋 ∫ (1 − 𝑥)2
1

0

𝑑𝑥 − 𝜋 ∫ (𝑥 − 1)2𝑛
1

0

𝑑𝑥                                    1 mark for correct integral 

      = 𝜋 [
−(1 − 𝑥)3

3
]

0

1

− 𝜋 [
(𝑥 − 1)2𝑛+1

2𝑛 + 1
]

0

1

 

      = 𝜋 [0 − (−
1

3
)] − 𝜋 [0 − (

−1

2𝑛 + 1
)]                   (since (−1)2n+1 = −1 as 2n + 1 is odd) 

      = 𝜋 (
1

3
−

1

2𝑛 + 1
)                                                       1 mark for arriving to answer with all steps  

 

ii. lim
𝑛→∞

[𝜋 (
1

3
−

1

2𝑛+1
)] 

=
𝜋

3
                                                                                                                                       1 mark 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As 𝑛 → ∞, the graph 𝑦 = (𝑥 − 1)𝑛 for 0 ≤ 𝑥 ≤ 1 approaches a horizontal line, therefore the 

area bound by the two curves approaches a right-angled triangle. This means when the area is 

rotated about the 𝑥-axis, the solid form approaches that of a cone with radius 1 and height 1. 

The volume of that is given by 𝑉 =
1

3
𝜋(1)2(1) =

𝜋

3
 

1 mark for clear explanation of how the cone is derived, as well as its radius and height. 







1 Question 12

(a) Since sin2 2θ(cot2 θ − tan2 θ) = 4 cos 2θ (given)

To solve sin2 2θ(cot2 θ − tan2 θ) = 2, for 0◦ ≤ θ ≤ 360◦

i.e. 4 cos 2θ = 2, for 0◦ ≤ 2θ ≤ 720◦, (and θ ̸= n× 90◦, n ∈ Z)

cos 2θ =
1

2

2θ = 60◦, 300◦, 420◦, 660◦ θ = 30◦, 150◦, 210◦, 330◦

2 marks for all the correct answers

(b)

(i)

1 mark for correct region

1 mark for correct shape, intercepts and asymptotes

1



(ii)

y = −ln(x+ 1)

x = e−y − 1

1 mark

∴ dv = π(e−y − 1)2dy

V =

∫ 1

0

π(e−y − 1)2 dy

1 mark

= π

[
−1

2
e−2y + 2e−y + y

]1
0

= π

[
2

e
− 1

2e2
− 1

2

]
unit3

1 mark

or = 0.528 unit3

2
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